Purpose. Deriving the criterion of a crack (joint) initiating under simultaneous effect of the rock stress state and elastic oscillations generated by an external source is the research purpose. Determining the quantitative relations to estimate the contribution of oscillations to crack initiation and creating a theoretical basis for the improvement of rock burst forecasting technique is a goal as well.
INTRODUCTION
Predicting the dynamic phenomena (rock burst, outburst) in coal mining is a great challenge when ensuring the safety of workers. Some forecast techniques are based on the registration and analysis of oscillations in rock mass (Standart SOU…, 2005) . However the criteria of dangerous states emergence are not justified enough.
The forecast of dynamic effects can be defined as prediction of the rock failure. That is why studying the oscillations influence on crack propagation in previously stress-strained rock mass is appropriate. It should be noted that sources of oscillations can be different and often not properly identified. Acoustic impulses are generated in a solid body during such violations of its integrity as dislocations and cracks. A large number of scientific works is devoted to generation of elastic impulses at crack initiation in a solid body.
It is supposed that cracks are the centers of the acoustic activity in rocks because the rock mass can be considered a kind of a solid body as well. Internal contacts in the rock structure are broken by cracks and the energy of the rock stress strain state in the crack vicinity is a source of the crack initiating. The crack propagates if the stresses exceed a certain level and releases the excess of elastic energy into the coal seam. At the same time the crack is a stress concentrator itself. The abrupt stress change around the crack generates an impulse affecting other cracks (Prykhodchenko, Sdvyzhkova, Khomenko & Kovrov, 2008) .
Elastic waves can stop or speed up the process of crack propagation under loading resulting in the material fracturing (Morozov & Petrov, 1997) . They can contribute to appearance of new surfaces of weakening. Various rock-destroying mechanisms are the sources of oscillations as well. In this case the generated oscillations are "enriched" with oscillations caused by the destruction processes in the working tools zone.
Joints (cracks) initially present in the rock mass are influenced both by slowly-changing stress strain state and by much faster-changing oscillations. These are generated by an external source which is individual for each crack and can provoke increase in the crack dimensions.
Determining the conditions under which such crack growth becomes possible (i.e. the conditions of the crack initiation) is an important theoretical constituent in developing reliable methods of forecasting the rock bursts and outbursts and other dynamic effects on the basis of acoustic signals registered in the rock mass.
THE MAIN PART OF THE ARTICLE

Experimental data analysis
Results of studying the potentially dangerous areas of the rock mass in situ are presented by the authors. The coal seam has been sounded with acoustic signal generated by mining mechanisms. Registration of the acoustic signal that is extending into the rock mass was implemented using the acoustic equipment AK-1 (Shashenko, Zhuravlev, Sdvizhkova & Dubytska, 2015) .
The operation principle of the outburst monitoring system AK-1M is based on the registration and analysis of acoustic oscillations. Oscillations are generated both by the rock mass itself at the stress state changing around the excavations and by the mechanisms used for coal mining. The acoustic signal produced by drifting tools is picked up by an underground block of the equipment with a build-in sensor (geophone 1 in Figure 1 ). The sensor activity is based on using a piezoelectric effect. It has high dynamic characteristics and ability to perceive oscillations within a wide range of frequency (from several Hz to dozens of MHz). An electric charge appears under the influence of acoustic and seismic waves pressure on external and internal sides of piezoelectric couple plates. A total electromotive force between an output wire and a case changes proportionally to the pressure. Then the signal is transmitted to the surface part of the equipment 3 (Fig. 1) over the intrinsically safe communication line 2. The surface part of the equipment is located in a seismic service department of the mine. The communication line can be nearly 10 km length. Then the signal is redirected to an attenuator 4. It is intended for the smooth, stepped or fixed drop in voltage, current strength, power of electric and electromagnetic oscillations. After that the signal comes to an analytical complex 5. The analysis, recording and preservation of the sound signals are actualized in this complex.
The rock mass area investigated by the acoustic signals has to be located between a source of oscillations and the sensor. Actually this condition is difficult to implement with existing technologies of coal mining. Reception of the acoustic signal in conditions of coal deposit is possible due to the layered structure of the rock mass and divergence in physical and mechanical properties of coal seam and rocks in the roof and floor.
In particular, sandstone layers have high acoustic conductivity and other rocks in the roof are characterized by significantly bigger acoustic hardness in comparison with the coal seam. It gives a possibility to register the signals far from the studied area.
The most important technical requirement is absence of additional sound intervention when acoustic observations take place. For example, borehole drilling or drift heading should be absent to register oscillations generated by shear equipment. That is why the sensor should be placed out of working zone (Fig. 2) . Studying acoustic signals during a longwall retreating is carried out by setting geophones into the walls of two parallel roadways. One of them is installed in the main gate and the other is placed in the tailgate. The geophones are located at a distance of 10 to 40 m in front of the coal face if a panel method of coal field preparation is adopted (Fig. 2) . The sensor should be tightly installed in the borehole to ensure sufficient contact with the rock mass. There is a risk of moisture seeping into the electric circuit of the sensor due to the coal seam inclination. Therefore the sensor should be placed into the borehole which is drilled under some positive angle regarding to the horizon. When the longwall advances at a distance of 10 -40 m, the space between the sound source and geophone is reduced. Then the next borehole is prepared and other geophone is installed. The surface unit switches over to the next geophone respectively. The sensor installed at the previous station is extracted and used to prepare the further station.
Processing the acoustic signal results in an amplitude-frequency spectrum. Analysis of the amplitudefrequency components is conducted within a range of 0 -300 Hz and 1250 -4000 Hz. The statistical data processing allowed to establish a correlation between the amplitude-frequency characteristics (AFC) of elastic oscillations and probability of the rock outburst. Numerous experiments have been carried out in situ at various coal mines of Central and Western Donbass for this purpose. A real zone of potential danger in a coal seam is characterized by the variability of AFC including migration of the main frequency in a wide range. Appearance of high-amplitude and high-frequency harmonics is the main feature noted in all registered cases of rock outburst. Therefore doubling or tripling of the amplitude of the registered oscillation at frequencies of 1000 -1300 Hz is considered an empirical warning of the possible dynamic effect of rock pressure. However this criterion has not been proved theoretically.
It can be assumed hypothetically that the change in amplitude and frequency of acoustic oscillations at the moment of outburst is connected with formation of new free surfaces (cracks). We consider the crack initiation in terms of elastic oscillation impact.
Crack initiation criterion
Let us consider a single crack at infinite space under the action of time-dependent stress field. We determine the loading conditions under which the increase of the crack dimensions is probable, i.e. the crack initiates.
The following assumptions are adopted. The rocks are represented as an elastic body and the crack is a disk one. The rock destruction is considered as a brittle failure and the stress is supposed to be normal to the crack plane. The effects of fatigue failure are not considered. Rock stresses are represented as a sum of the harmonic and the quasi-static components.
It is known that any crack is a discontinuity in a continuum body. It creates stress concentration in the surrounding area, so the stress value at the top of the crack can exceed the yield strength. In terms of fracture mechanics, this means exceeding the limit value of the stress intensity factor, which causes the crack growth and creates the condition under which the new cracks appear and a certain amount of the rock fails.
There are different approaches to define a criterion of rock failure under the impact of stress changing in time and space. Morozov & Petrov (1997) proposed a general kind of the criterion:
where: 
(2) Morozov & Petrov (1997) 
where c K 1 is the critical value of 1 K which is the crack resistance factor determining the ability of a solid to resist loading without crack initiation. The validity criterion is illustrated by experimental results (Atroshenko, Krivosheev & Petrov, 2002) .
Criterion of crack initiation under harmonic stress component
Let us express the stress intensity factor in terms of regular principal stress 1 σ for a disk crack. Let the radius of the crack be l. Using (3) we obtain a condition of the crack initiation at the given stress level: 
Not only quasi-static stresses are acting in rocks in the general case. The sign-variable and quick-changing stresses occur in elastic waves due to the action of impulsive load in the rock mass. The elastic oscillations are generated by an internal source during the rock brittle destruction.
Under the simultaneous action of quasi-static stress and elastic vibration, a stress tensor 
.
The stress acting normally to the plane of the crack should be considered in the vicinity of the initiation time t. We can represent this stress in the form:
where: Substituting (5) into (4) and carrying out the mathematical transformation, we obtain the inequality:
This expression defines the moment of the crack initiation considering the impact of elastic oscillations in the rock mass. Inequality (6) can be used at high and low frequencies of oscillations (including the value ν = 0).
Incubation time τ is not a uniquely specific parameter and its value can be chosen and interpreted differently (Parton & Borisov, 1988) . In any case, τ should be considered (as it was mentioned above) as a parameter characterizing the response delay of failed material to the considered structural level at unsteady loading. If a failure criterion is expressed through the full stress, the parameter τ is determined as the transfer of energy between neighboring elementary structures of failure with the characteristic size d. In case of using only a regular stress component (as it has been done in (4)), the response time can be estimated in terms of a consecutive expansive wave falling upon the crack of the finite length. The numerical solution of this problem and its analysis showed that the stress intensity factor at the crack tip increases monotonically (Alekseev & Nedodaev, 1982) . The stress intensity factor reaches maximum at the time of a Rayleigh wave coming from the opposite top. On this basis we get c is a rate of the Rayleigh wave. Hence, we transform the inequality (6) to the form:
where:
. These values are dimensionless by assumption. Equation (7) and α are invariants as well. Then only parameters l and a are variables in the criterion (7), i.e. the initiation of the crack of length l is determined only by the amplitude of oscillation a . The functional link between these values can be obtained as a solution of the transcendental equation (7). It should be noted that if we consider the crack initiation caused by elastic oscillations, then both sides of (7) must be positive. If the right-hand side is negative then the crack initiation is caused only by quasi-stationary
, the failure is provided by the constant stress component.
Numerical analysis of the criterion
Let the crack resistance factor c K , the velocity of Rayleigh' waves spreading R c and parameters of stress state k , 0 σ be constant. Then the equation (7) gives a relationship between the relative amplitude of the elastic oscillation a and the relative crack length l (Fig. 3) . The crack initiation occurs for the given level of amplitude.
The results of the numerical solution of the equation (7) are presented in Table 1 . The calculations are carried out for close-grained sandstone. The crack resistance factor is assumed to be 47
MPa m , the Rayleigh' waves spreading velocity 2400 = R c m/s and the tensile strength 9 . 0 0 = σ MPa. We also assume that the stress component does not change in time. This means the parameter α is equal to zero (α = 0). The changes of an initiating crack length depending on the amplitude of the oscillations are presented in the graphs in Figure 3 . ).This fact is observed after sections that are parallel to the X-axis. Note that the horizontal portions of the curves correspond to the criterion: , and we can observe from the table that insignificant increase in oscillation amplitude (from 0.4 to 0.8) provokes initiation of the short cracks. The length of initiated cracks decreases very sharply (from 4 to 1.6 m). This fact can be interpreted as a significant risk of catastrophic rock failure.
The results of theoretical research coincide with the empirical data described above. Doubling and tripling the amplitude of registered oscillation at frequencies of 1000 -1300 Hz lead to the "short" crack initiation in the rock mass. As a result, new free surfaces are created and possibility of sudden release of potential energy occurs. This means a high probability of dynamic effects in the rock mass (rock bursts and outbursts).
Quantitative assessment shows that the amplitude alteration within the high frequency range is extremely important for predicting dynamic effects in hard rocks. Therefore, forecasting technique should be improved by analyzing the high-frequency part of the acoustic signal spectrum. Several prognostic indicators (maximum amplitude in the high-frequency part of the spectrum, the spectrum area, the ratio of amplitude and spectrum area) can be identified to improve the accuracy of dynamic effect prediction (Maslennikov, 1999) .
CONCLUSIONS
The criterion of a crack initiation under unsteady loading has been developed on the basis of the general space-time approach to the description of a solid fracture. The stress component acting normally to the plane of the crack is supposed to be a sum of quasi-stationary and harmonic components. The quantitative relation has been obtained to determine the critical value of the crack length at which the crack initiates depending on the quasi-static stress and oscillation amplitude and frequency.
In particular case of a sandstone layer the increase of elastic oscillation amplitude in 2 times at frequency 1145 Hz reduces the critical length of initiating crack in 2 -3 times.
Numerical results correlate with experimental data regarding the acoustic prediction of dynamic effect in the rock mass. In situ data indicates that increasing the amplitude of the recorded oscillations in the rock mass in 2 -3 times at frequencies 1000 -1300 Hz is a sign of possible dynamic effects (rock bursts and outbursts).
The analysis of oscillation amplitude alteration is extremely important within the high frequency part of the acoustic signal spectrum. Several prognostic indicators (maximum amplitude in the high-frequency part of the spectrum, the spectrum area, the ratio of amplitude and spectrum area) can be identified to improve technique of acoustic sounding and increase the accuracy of dynamic effect prediction.
